Energy metabolisme and brain damage:Investigations by positron emission tomography (PET); the role of ketone bodies in cerebral protection by Prenen, Gerardus Hyacinthus Maria
  
 University of Groningen
Energy metabolisme and brain damage
Prenen, Gerardus Hyacinthus Maria
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1992
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Prenen, G. H. M. (1992). Energy metabolisme and brain damage: Investigations by positron emission
tomography (PET); the role of ketone bodies in cerebral protection. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
cat ion leve1s
I  animals and,
r€ated aninals.
es  no t  s i gn i -
s character ized
age in starved,
i t  is  concluded
a r y  ( s e e  e .  g .
cat ion concen-
f  g lucose does
'otect ion of  the
!  cat ion concen-
I  aninals.  ïhus,
'g lucose gives





In  a  gene ra l  sense  t h i s  t hes i s  compr i ses  t h ree  sub jec t s :  a )  Èhe
changes in energy metabol ism of  the brain dur ing cerebral  pathology,
b)  the ef fect  of  a l terat ions in enelgy metabol ism on thê extent  of
brain darnage, and c)  measures to prevent or  l in i t  brain damage. In
th is context  the format ion of  brain damage and possib le restorat ive
processes are studied in two nodels of  cerebral  pathologv:  a)  a
(nodi f ied) Levine model  of  hypoxic and ischernic brain damage in rats,
and b)  Èhe f reezing lesion in cats;  the lat ter  is  a nodel  of  d is-
rupt ion of  the blood-brain barr ier  (BBB) and formaÈion of  vasogenic
brain ederna,  FurÈhermore,  some nethods to Frotect  the brain againsc
(hypoxic- ischemic)  brain damage are evaluated.
Chapter J is  a general  int roduct ion to th is thesis.  In che f i rs t
parË the technique of  posi t ron emission tomography (PET),  which is
used to êvaluate brain metabol ism and brain funct ion,  is  reviewed
br ief ly .  Next ,  the funct ion of  keÈone bodies (KBs) in cerebral  meÈa-
bol ism and their  possib le ro le in cerebral  procect ion are descr ibed.
The subject  of  the next  sect lon is  the format ion and evolut ion of
vasogenic brain ederna af ter  BBB disrupt lon;  an exper imental  model  of
cold- lnduced brain danage is presenred.  Thereaf ter ,  many of  the pro-
cesses playing a ro le in the fornat ion of  hypoxic and ischemic braln
damage are summarized. This surnrnaly is followed by a review of methods
to v isual . ize and quant i fy  cerebral  damage. In addi t ion,  methods Èo
pÍevent or  l in i t  (hypoxic- ischenr ic)  braÍn darnage are discussed. The
f i naL  pa r t  o f  t h í s  chap te r  compr i ses  a  b r i e f  ou t l i ne  o f  t he  a ims  and
scope of  chis thesis.  ï r^ro of  the main goals are:  a)  co explore the
potent ia l  of  posi t ron-erni t t ing KBs for  the evaluar ion of  changes in
brain rnetabol isn and BBB funct ion,  and b)  ro assess the possib le r :o1e
of KBs in the prevent ion of  brain damage. Chaprer 1 is  concLuded bi '  a
short  preview of  the structure and contents of  th is thesis.
I n  chap te r  2  t he  syn thes i s  and  pu r i f i ca t i on  o f  1 -11C-ace toace t i c
ac Íd  ( 1 , - l 1C -AcAcOH)  a re  desc r i bed .  The  ob jec t i ve  o f  t he  syn thes i s  o f
th is compound was to study the metabol ism of  KBs by PET, both under
normal c i rcumstances and in cases of  cerebral  damage, and to evaluatê
the  po ten t i a l  o f  pos i c ron -em i t t i ng  KBs  f o r  t he  v i sua l i za t i on  o f  b ra i n
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pa tho logy .  1 - r rC -AcAcOH was  syn the t i zed  by  ca rboxy la t i on  o f  t he
ace tone  ca rban ion ,  and  pu r i f i ed  by  HPLC.  The  pu r i f i ed  p roduc t  was  ob -
t a i ned  i n  r ad iochem ica l  y i e l ds  up  t o  58 *  i n  a  Èo ta l  p repa ra t i on  t i ne
o f  30  m in .  The  d i s t r i bu t i on  o f  1 - r1c -AcAcOH i n  r a t s  and  ca t s  was
s tud ied  by  PET .  A fÈe r  an  i n i t i a l  r ap id  up take  o f  r ad ioac t i v i t y  f r o rn
the  b l ood  i nÈo  t he  t i s sues ,  a  f ew  m inu tes  a f t e r  i n j ec t i on  a  sÈeady
s ta te  was  reached  i n  bo th  spec ies .  I n  ca t s  t he  re l a t i ve  up take  o f
1 - l lC -AcAcOH i n to  t he  b ra i n  was  two  t o  t h ree  t imes  l a rge r  t han  i n
rats,  making the cat  a more appropr iate animal  to study cerebral  meta-
bo l i sm  by  PET  than  Èhe  ra t .  PET  scans  o f  t he  b ra i n  o f  ca t s  w i t h  a  un i -
I a t e ra l  f r eezLng  l es i on  we re  a l so  pe r f o rned .  Th ree  weeks  a f t e r  i n -
f ) . i c t i ng  t he  l es i on ,  t he  upÈake  o f  1 -1 lC -AcAcOH i n to  t he  damaged ,
i ps i l a t e ra l  hem isphe re  was  much  l a rge r  t han  up take  i n t o  t he  i n t ac t ,
contra lateral  one.  At  the same t ime there was no Evans blue sta in ing
o f  b ra i n  c i s sue ,  i nd i ca t i ng  i n t eg r i t y  o f  t he  BBB ,  whe reas  subsÈan t i a l
Evans  b l ue  s ta i n i ng  was  obse rved  1  day  a f ce r  i n f l i c t i ng  t he  l es i on .
Thus .  a f t e r  i n i t i a l  open ing  t he  BBB  had  recove red  comp le te l y  a t  3
weeks .  Appa ren t l y ,  t he  re l a t i ve l y  i nc reased  up take  o f  1 -11C-AcAc0H
inco  t he  i ps i l ace ra l  hem isphe re  uas  no t  caused  by  un res t r i c t ed  d i f -
f us i on  due  t o  BBB  d i s rup t i on .  buc  has  t o  be  a t t r i bu ted  t o  enhanced
m e c e D o r l s m  o r  K ó s .
The pr imary goal  of  the exper i rnents descr ibed in chapcer 3 was Èo
tes t  t he  po tenc ia l  o f  1 -11C-AcAcOH fo r  t he  v i sua l i za t i on  o f  ce reb ra l
pa tho logy  more  ex tens i ve i y  i n  t he  mode l  o f  expe r i nen ta l  b ra i n  damage
r ' ' e  aLso  used  i n  t he  p rev i ous  chap te r ,  v i z .  che  ca t  w iEh  a  un i l a t e raL
f reez ing  l es i on .  An  add i t i ona l  and  more  gene ra l  goa l  v ras  t o  assess  t he
changes  i n  ce reb ra l  up take  and  u t i l i za t í on  o f  1 -11C-AcAcOH ( re fLec t i ng
e n e r g v  m e t a b o l i s n  a n d  l i p i d  s y n È h e s i s ) ,  [ " F ]  - 2 - f i - u o r o - 2 - d e o x y - D - 9 1 u -
c o s e  ( 1 E F D G ;  e n e Í g y  m e t a b o l i s r n )  a n d  L - ( 1 - 1 1 c ) - t y r o s i n e  ( 1 - 1 1 C - l y r ;
p roce in  syn thes i s )  sho r t l . v  a f t e r  t he  i n f l i c t i on  o f  t he  f r eez ing  l es i on
and  t he  subsequen t  d i s rup t i on  o f  t he  BBB ,  as  we l l  as  du r i ng  t he  pe r i od
o f  r e c o v e r v .
The  resu l t s  o f  t he  PET  s tud ies  us i ng  1 - r rC -AcAcOH showed  t haÈ  1  day
and  1  week  a f t e r  i n f l i cÈ ing  t he  f r eez ing  l es i on  t he  up take  o f  r ad io -
ac t i v i t y  a t  t he  s i t e  o f  t he  l es i on  was  subs tan t i a l l y  i nc reased ;  a f t e r
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hancemenÈ  was  l ess  p ronounced .  Ou ts i de  t he  l es i on  t he  i nc reases  i n
i p s i l a t e r a l  u p t a k e  o f  1 - 1 1 C - A c A c O H  w e r e  s i r n i l a r  b u t  s m a 1 1 e r ,  a n d  w e r e
v i r t ua l l y  absen t  a f t e r  2  weeks .  I n  a  supp lemen ta r y  expe r i r nen t  r 4C-
l abe led  ace toace ta te  was  i n j ec ted  i n t o  a  ca t  w i t h  bo th  a  3 -week -o l d
and  a  f r esh  l es i on .  Rad ioassay  and  au to rad iog raphy  o f  t he  b ra Ín  r e -
vea led  t hac  i n  t he  hem isphe re  conÈa in i ng  t he  o l d  l es i on  t he  accu rnu la -
t i on  o f  r ad ioac t i v i t y  e ras  l im i t ed  t o  t he  s i t e  o f  t he  l es i on ,  whe reas
in  t he  hem isphe re  w iÈh  t he  f r esh  1es Íon  rad ioac t í r ' i t y  was  de tec ted
bo th  i n  t he  l es i on  and  i n  t he  unde r l y i ng  ede rnaEous  wh i t e  maÈce r .  we
conc luded  t ha t ,  a f t e r  i n i c i a l  BBB  open ing ,  ac  3  weeks  Èhe  BBB  had  re -
cove red  comp le te l y .  Th i s  conc lus i on  was  a l so  suppo r ted  by  Èhe  paÈ te rns
o f  Evans  b l ue  s ta i n i ng  and  by  t he  lmages  p roduced  by  magne t i c  r e -
sonance  imag ing  (MRI ) ,  a  cechn ique  by  wh i ch  edema  fo rmá t i on  and  BBB
i rnpa i rmen t ,  as  we l l  as  t he i r  r eso lu t i on ,  can  be  mon iÈo red .  H i s t o -
I o g i c a l  s e c t i o n s  o f  t h e  o l d  l e s i o n  s h o w e d  b o t h  t h e  p r e s e n c e  o f  m a n y
foam ce l1s  and  mac rophages ,  and ,  t hough  t o  a  l esse r  ex i en t ,  t he  p ro -
l i f e r a t i o n  o f  v a s c u l a r  c e 1 1 s .  T h i s  r e s u l t  i s  a n o t h e r  i n d i c a t i o n  o f
r es to ra t i on  o f  t he  BBB .  Thus ,  Che  conc lus i on  o f  t he  ï esu l t s  p resen ted
above  i s  t ha t  t he  e l eva ted  upcake  o f  1 -11C-AcAcoH i n to  t he  i ps i l ace ra l
hem isphe re  was  i n i t i a i l y  caused  b_v *  BBB  impa i rmenc ,  buË  a t  a  l aÈe r
s tage  may  have  o r i g i na ted  f r om resco ra t i ve  p rocesses .
T h e  r e s u l t s  o f  t h e  P E T  s t u d i e s  u s i n g  1 - t 1 C - T y r  w e r e  a l s o  i n d i c a t i v e  o f
r es to ra t i ve  p rocesses .  The  < i i f f e rence  be tween  t he  a rnoun t  o f  r ad io -
ac t i v i t y  a t  t he  s i ce  o f  t he  l es i on  and  t he  amoun t  í n  t he  co r respond ing
c o n ; r a l a : e r a 1  r e g í o n  i n c r e a s e d  f r o m  v i r t u a l l y  n i 1  I  d a y  a f t e r  i n f l i c t -
i ng  Èhe  i es i on  t o  299  a f t e r  2  weeks .  A  s im i l a r  t r end  was  obse rved  ou t -
s i de  t he  a rea  o f  t he  l es i on .  We  suggesc  t ha t  t he  i nc reased  up take  o f
1 - 1 r C - T ) ' r  i n t o  t h e  i p s i l a t e r a l  b r a i n  h e m i s p h e r e  w a s  c a u s e d  b y  e n h a n c e d
p ro te i n  synÈhes i s  due  t o  BBB  repa i r .
T h e  P E T  s t u d i e s  u s i n g  I s F D G  s h o w e d  t h a t  í n i t i a l 1 y  t h e  u p t a k ê  o f  r a C i o -
acc i v i c v  i n t o  l he  a rea  o f  che  l es i on  was  s i en i f i can t l y  l owe r  t han  i n
i L ^  ^ ^ * v ^ - - ^ - J i - -  ^ ^ - È ' ^ 1  ^ t s ^ Í - l  . ' - .  o r r . ,  ,  u p o l z c  È n u : c v p r  r h c  r r n -L r r s  L U r  r E s P U l l u r r r ó  L U r l L r  a r r a .  n r L E r  4  w r E ^ >
t ake  o f  lEFDG i n to  t he  l es i on  was  no  Lonce r  d i f f e renc  f r o rn  con t ro l
. , ^ 1 . . ^ ^  - ^ i -  i
- 6 - , . .  , n d i c a t i n g  r e s i o r a t i o n  o f  B B B  f u n c t i o n .  O u t s i d e  t h e
a rea  o f  t he  l es i on  Í n i t i a l l y  t he  a rnoun t  o f  r ad ioac t i v i t y  was  s im i l a r
t o  È h e  r a d Í o a c t Í v í c y  f o u n d  i n  t h e  c o r r e s p o n d i n g  u n d a m a g e d ,  c c n t r a -
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l a t e ra l  a rea .  A f t e r  che  f i r s t  week ,  howeve r ,  an  i nc reas ing  d i f f e rence
in  up take  o f  rEFDG be tween  t he  i ps i -  and  conc ra l aÈe ra l  a reas  became
appa ren t ,  r each ing  a  max imum aÈ  3  weeks  ( - 14 t  i ps i l a t e ra l l y ) .  The
phenomenon of  reduced netabol ic  act iv i ty  thus had spread f rom the s i te
o f  t he  l es i on  i n t o  o the r  pa r t s  o f  t he  i ps i l a t e ra l  hen Í sphe re .  Th i s
reduct ion may be atcr ibuted to the loss of  neuronal  input  f rom the
damaged  ce1 l s  i n  t he  l es i on  i n t o  t he  ce l I s  o f  t he  deepe r -1y i ng  b ra i n
a r e a s .
In conclusion,  the fo l lowing factors govern the cerebral  uptake (and
u È i l i z a t i o n )  o f  1 - 1 1 c - A c A c o H ,  L - 1 r C - T y r  a n d  l 6 F D G :  a )  B B B  o p e n i n g  a n d
the concurrenÈ increase of  unresÈr icted inf lux of  substrates into the
b ra i n .  and  dec rease  o f  ca r r i e r -med ia ted  d i f f us i on ,  b )  l oss  o f  b ra i n
ce l l s  ( f i r s t  i n  t he  a rea  o f  t he  l es i on  and  l a t e r  on  i n  t he  deepe r -
l y i ng  a reas ) ,  and  c )  r es to ra t i on  o f  BBB  func t i on .  The  re l evance  o f
each of  these factors is  d i f ferent  for  each of  the three radiophar-
naceut icals used.  Moreover,  their  re levance depends on the t i rnê passed
s ince  t he  i n f l i c t i on  o f  t he  l es i on .
In chapter 4 the ef fect  of  the sodium channel  b locker tetrodo-
toxin (TTX) is  evaluated in tvro models of  bta in pathology.  TTX is an
example of  a potenÈial ly  protect ive substance intervening ac the neu-
ronal  level .  The f i rs t  model  'we used vas an acute mode1, conpr i .s ing
ca rd i ac  a r res t  i n  r a t s .  The  second  rnode l  was  a  su rv i va l  r node l .  v i z .  a
modi f icat ion of  the Levine model .  The rnain parameter of  brain damage
wes the change in che concentrat ions of  cat ions in brain t issue.  In
t he  acu te  r node l  t he  i n t e r s t i c i a l  b ra i n  po ten t i a i  l r as  : : eco rded .  The
de f l ec t i on  o f  t he  b ra i n  po ten t i a l ,  wh i ch  i s  caused  by  changes  i n
ce reb ra l  ca t i on  concen t ra t i ons ,  l r as  subs tan t i a l l y  de layed  a f t e r  1oca1
administrat ion of  TTX. In the surv ival  rnodel  the conbined ef fect  of
hypoxia and ischernia produced uni lateral  cerebral  infarcts,  charac-
t e r i zed  by  a  dec rease  o f  t he  concen t ra t i ons  o f  K+  i n  t he  b ra i n  and  an
inc rease  o f  Na+  and  ca2+  concen t ra t i ons .  Th i s  r esu l t  was  con f i rmed  by
other parameters such as surv ival  rate,  Evans blue staÍn ing and edema
fo r rna t i on .  The  s t r i a t a l  ca t i on i c  changes  i n  t he  mod i f i ed  Lev ine  mode l
v re re  l a rge l y  p reven ted  by  I oca1  i n j ec t i ons  o f  TTX .  These  resu l t s  l ed
us  t o  t he  f o l l ow ing  conc lus i ons :  a )  TTX  can ,  a t  l eas t  i n  pa r t ,  p reven t
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evaluatLon of protective urethods in the acute nodel rnay provide an in-
dicatlon of thê resulÈs to be expected in the more laborlous survival
roodel; and c) the results in the acute model suggest that the protec-
t ive effect of TTX rnay be ettr ibuted to a delay in ce1l depolariza-
t ion, so that the duration of the polarized state ls shortened. The
final conclusion is that the inf lux of Na- lnto brain cel ls, and thus
neuroËransmission, nay play a crucial role in the development of
cerebral danage.
The principal alm of the experiments descrlbed in chapter 5 was
to test the protective potency of both starvatlon and hypothernia (two
meÈhods acting prinari ly at the rnetabolic level) in the prevention of
brain danage. Hence, fed and starved nornothermic and fed hypothermic
rats \rere subjected to an experlmental procedure derived from the
Levine model of hypoxic-ischemic brain darnage. During thê experiment
the physiological parameters of blood and the mean arterial blood
pressure (MABP) r irere meesured repeaËedly. Cerebral damage was assessed
on the basis of Èhe changes in reglonal cation concentraci.ons of che
braLn. The experimencal procedure produced unÍlateral brain infarcts,
characterized by lncreases of the Na* and C"2* cor,. .r , trat ions and
concomitanE decreases of the K+ and yfy2* concentraÈions. thus sub-
stantial ly Íncreasing the Na+7K+ rat io. These changês r^rêre, at least
in part,  prevented by starvation and hypothermia. Ihe results of other
neÈhods to assess brain danage (the deternination of survival race, of
Evans blue scaÍning, and of brain vater eontenÈ) confirned the protec-
t ive action of st.arvation and hypothermia. During hypoxia the arterial
oxygen pressure (pOr) in starved and hypothermic rats was not signi-
f icantly higher than Ín control rats. Íhis result indicates rhac
starvation and hypoCherrnia do not aCtenuate Èhe severity of the
init ial  hypoxic lnsu1t. i íe suggest that Èhe basic mechanism behind the
protective effecc of both st.arvation an<i hypochermia is preserr, 'at ion
of energy substrates, elcher by depressing the rate of energy-
demanding processes (as occurs during hypothermia) or by providing an
alternative energy substrate (KBs) in additÍon to glucose (as happens
during scarvation). Thus, the deLeterious processes induced by hypoxia
and ischernia (e.9. deplet ion of energy substrates, formation of
lac ta te ,  ecc . )  w i l l  be  prevented .  F Ína l l y ,  bo th  s ta rva t ion  and hypo-
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therÍn ia largely prevented the character ls t ic  rêduct ion of  the MABP
dur ing hypoxia,  thus nalnta in ing an adequate perfusion of  the brain.
This resul t  indicates that  naintenance of  cardiac funct ion contr ibutes
to  t he  p r : o tec t i ve  e f f ec t  o f  s t a r va t i on .
ln chapter 6 the mechanisur of  starvat ion- induced protect ion of
the brain against  hypoxic- ischemic damage is invest igated more ex-
tensively.  Groups of  fed and starved rets were infused wi th a solut ion
o f  e i t he r  sa l i ne ,  KBs  (p -hyd roxybu t y r l e  ac l d ;  B -OHB)  o r  g l ucose  and
subjected Èo uni lateral  carot id ar tery occlusion and exper imental
hypoxia,  according to a procedure der ived f rom the LevÍne mode1. In
al l  exper imental  groups p0:  r r ras egual ly  reduced dur ing hypoxia;
changes  i n  Èhe  o the r  pa reme te rs  ( pCOz ,  pH ,  e t c . )  showed  on l y  m ino r
discrepancies between groups,  i f  any at  a l l .  Hor.rewer,  Evans blue
stain ing of  brain Èissue occurred more f requent ly in sal ine- and
B-OHB-infused,  fed aninals than in the corresponding starved aninals.
r*otab1y,  the extent  of  Evans blue sta in ing ln fed and starved,  g lu-
cose- infused animals r { ras not  s ignl f icant ly  d i f ferent .  There was also
no di f ference between che three Broups óf  fed animals.  These resulÈs
ind i cace  t haÈ  s ta r vaÈ ion  p rov i des  p ro tec t i on ;  i n f us i on  o f  g l ucose
appears Èo abol ish Èhis protect ive ef fect .  In fed animals the ef fect
o f  i n f us i on  o f  B -OHB on  Evans  b l ue  s ta i n i ng  was  n í1 ,  sugges t i ng  Èha t
elevat ion of  KB leve1s does not  of fer  rnuch protect ion.
These  conc lus i ons  we re  suppo r ted  by  t he  resu l t s  o f  ca t i on  ana l ys i s .
General ly ,  cerebral  damage, as quant i f ied by the changes in cerebral
ca t i on  concen t ra t i ons ,  i n  t he  g roups  o f  s t a r ved  ra t s  was  l ess  t han  i n
the groups of  fed rats.  Glucose infusion appeared to abol ish the
ce reb ra l  p ro tec t i on  i n  sca rved  ra t s .  Ca t i on  ana l ys i s  a l so  r evea led
thaÈ in fed anirnals cerebral  danage is aggravated by infusion of  g1u-
cose .  The  e f f ec t  o f  B -OHB i n fus i on  appea red  t o  be  n i l ,  bo th  i n  f ed  and
in  s t a r ved  ra t s .  The  conc lus i ons  f r om these  resu iÈs  a re :  a )  s t a r va i i on
p ro teccs  t he  b ra i n  aga ins t  damage  caused  by  t he  conb ined  e f f ec t  o f
i s chem ia  and  hypox ia ;  b )  e l eva t i on  o f  b l ood  g l ucose  l eve1s  agg ravaÈes
the hypoxic- ischemic darnage and nay completely e l in inate the protec-
È ion  o f f e red  by  s ta r va t i on ;  and  c )  r a i s i ng  b l ood  KB  l eve l s  by  i n f us i on
o f  B -OHB does  no t  con t r i bu te  subscan t i a l l y  t o  ce reb ra l  p ro tec t i on .
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b lood .  and  t he  B -OHB con ten t  o f  t he  b ra i n  we re  a l so  de te r rn i ned .  As  ex -
pecÊed ,  sca rva t i on  Í nc reased  b l ood  KB  Ieve l s ,  whe reas  b l ood  g l ucose
leve l s  we re  reduced .  KB  concenÈraÈ ions  o f  t he  b ra i n  appea red  t o  be  en -
hanced  t oo .  I n f us i on  o f  B -OHB l ed  t o  e l eva ted  KB  l eve l s  bo th  i n  b l ood
and  i n  b ra i n  t i s sue ,  whe reas  b l ood  g l ucose  l eve l s  r . t e re  una f f ec ted .
F ina l l y ,  i n f us i on  o f  g l ucose  appea red  t o  r educê  t he  concen t ra t i on  o f
KBs  i n  t he  b1ood .  S ince  B -OHB i n fus i on  does  no t  r educe  ce reb ra l
damage ,  i t  may  be  conc luded  Ëha t  t hê  i nc reased  ava i l ab i l i t y  o f  KBs
does  no t  r esu lÈ  i n  a  (mecabo l i c )  sh i f t  f r om  g lucose  t o  KBs  as  t he  ma in
ene rgy  sou rce  o f  t he  b ra i n ;  t hus  l ac ta te  p roduc t i on  du r i ng  hypox Ía
w i l l  be  Èhe  same  as  be fo re  i n f us i on  o f  B -OHB.  The  f i nd i ng  t ha t  b l ood
g lucose  Leve l s  a re  una f f eccec i  by  B -OHB i n fus i on  l eads  t o  Èhe  same  con -
c l us i on .  The re fo re ,  r a i s i ng  che  concen t ra t i ons  o f  KBs  i n  t he  body  w i l l
be  o f  l i t t l e  t he rapeu t i c  r e l evance ,  i f  t he  g l ucose  concen t raÈ ions  a re
no t  r educed  ac  t he  same  t íme .  Th i s  ve r y  s t a te  o f  hype rke tonem ia  com-
b ined  w i t h  hypog l yce rn i a  i s  accomp l i shed  du r i ng  sÈa rva t i on .  A t  t he  end
o f  t he  chap te r  some  o the r  f ac to r s  t ha t  may  be  re l evan t  t o  t he  p roÈec -
t i ve  ac t i on  o f  s ca rva t i on  (pe r i phe ra l  e f f ec t s ;  changes  i n  t he  re l ease
o f  ho rmone -1 i ke  subs tances .  such  as  i nsu l i n )  a re  d i scussed ,
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